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Abstract. We showed previously that exposure to microcystin causes
eicosanoid release from rat hepatocytes. That study was extended
further to test the effect cof glucccorticoids on
microcystin-induced release of ['°C] arachidonic acid and its
metabolites. Treatment of hepatocyte cultures with either
microcystin (1 uM) or steroids had no effect on cell viability or
total cell protein. Total radioactivity released into the
incubation medium was not affected by glucocorticoid alone.
Release of total radicactivity increased four-fold after 2-hr cf
incubation with aicrocystin. Fluocinolone pretreatment decreased
the microcystin-induced synthesis and release of prostacyclin
(6-keto F,a) by 24 * 2.6% (p < 0.05) and thromboxane B, (TxB,) by/
39 ¢ 3% (p < 0.025). Under these experimental conditions, the
quantities of prostaglandin F,a and PGL, released were not
significantly different whan control and microcystin- treated
cultures were compared. The half maximal inhibition (IC,)
values obtained from the dose-rasponse data for the inhibition of
arachidonic acid release were comparable to normal cortisol
levels in humans. Dose-response curves Jjave the following rank
order of potency: fluocinolore > dexamethasone > hydrocortisone.
These results sugqest that glucocorticoid therapy might be

benaeficial in microcystin toxicosis.
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Microcystis aeruginosa algal extracts contain a known toxic
cyclic peptide, microcystin, which causes death in several
mammalian species. Microcystin is a hepatotoxin: however,
sensitivities of non-hepatic tissues tc microcystis extracts have
also been reported (1). Pronounced biochemical and merphological
changes have been observed in the livers of animals exposed to
microcystin; pathologic changes include congestion, edema, and
inflammatory cell infiltration (2-5). The liver is involved in
the pathogenesis of a number of inflammatory diseases and also
represents a cellular defense system against exogenous toxins in
the body (6,7;. Hepatic cells have the capacity to svnthesize
large quantities of arachidonic acid metabolites (8-10). We have
praviously shown that microcystin stimulates tha cyclooxygenase
pathway of arachidonic acid metabolism (11).

Steroids are now used extensively in the treatnment of
inflammation and imrune disorders. In addition, glucocorticoids
hava been shown to axert anti-inflamratory effects by inhibiting
phospholipase A, activity (12-14), reducing the release of
arachidonic acid metabolites, or reducing tissue prostaglandin
synthesis by inhibiting prostaglandin synthetase or accelerating
the breakdowr cf prostaglandins (15). Investigators have also
suggestad that impairment of prostanoid synthesis by steroids in
microcystin-challanged rats reduces lethality (5,16). Tha
mechanism of action of thae toxin in hepatic tissua ia not yat

well understood.




In the present study, we report that treatment of rat
hepatocytes with microc]; in prcmoted 2 significant, rapid
release of prostancids into the incubation medium, the release

could he blocked by pretreatment of cells with giucocorticoids.




Materials and Methods

2 c u 8: Hepatocytes from 200-280 g, male Fisher
rats (Charles River, Wilmington, MA} were isolated and cultured
in Liebovitz's medium cecntaining 18% heat-inactivated fetal calf
serum (FCS) in 35 x 10 mm culture plates (17). After overnight
culture at 37°C in 5% CO, and 95% air, only places with 2 90%
cells attached were used. Attached cells formed a uniform
monolayer and had the characteristic polvgonal shape of
hepatecytes.

t t e : After 24 hr cf
incubation, culture medium was removed and cells were washed
with Hanks balanced salt solution (HBSS). Fresh medium ( 1 ml)
with 10% FCS, was then added alcng with the tast steroid (Sigma
chemical Co., St. ULouis, MO) and 10 umoles [“C] arachidonic ‘
acid (sp act 52.7 mCi/mmole, New England Nuclear, Boston, MA).
Sixtaen hours liater, the calls ware washed and further incubated
for 60 min with medium 199 containing 10% FCS, to remove
unincorporated ('°C) arachidonic acid, then washed three *imes
with HBSS. Finally, microcystin in HBSS containing 0.1% bovine
serum albumin was added and cells were incubated for 2 hr.
cxtraction of prostaglandins: Arachidonic acid and its
metabolites from the incubation medium were extracted with 6 ml
of chlorofora:methanocl (2:1,v/v) containing 0.005% butylated
hydroxy toluene (Sigma Chemical Co., St.Louis, MO). Calls were
then washed with 2 ml of chloroform. The chloroform phases wera

combined, the total lipid extract was evaporatad to dryness under




nitrogen, and the samples were stored under nitrogen at -29°C.
Lipid residues were dissolved in 100 ul of chloroform:methanol
(2:1,v/v) and aliquotes were counted for total radicactivity
release from hepatocytes. Arachidonic acid and its metabolites
were resolved on thin-layer chromatography (TLC) plates precoated
with silica gel-60 (E. Merck, American 3cientific products,
Columbia, MD). A solvent system of ethyl acetate-~formic acid
(80:1,v/v) was used. Spots, which migrated with authentic
standards of prostaglandins (Sigma Chemical Co.,St. Louis, MO),
warae identified by exposure to iodine vapor, scraped, eluted with
mathanol, and their radioactivity quantitated by scintillation
spectrometry. Protein was measured by the Lowry method (18).
pata analysias: Raw data were expressed as DPM/mg protein.
Effects of glucocorticoids were determined by ccomparing changus
in radiolabeled phospholipids, arachidonic acid, or arachidonatae
metabolites between control and starcid-pratreated cells after
microcystin challenge. In sach experiment, the average value of
duplicate cultures for each treatment group was used.

Statistical asignificance was determined by calculating the
differences batween control, microcystin~treated, and steroid

treated jroups by a paired "t" test.




release; Chances in phospholipid total radiocactivity and

arachidonic acid release were nmeasured after microcystin (1 uM)
exposure stimulation for 2 hr. Microcystin-treated hepatocytes
showed & decreasa (p «0.005) in total phospholipid radicactivity
(116,665 + 3,265 DPM/ng protein, n = 12) as compared to untreated
cells (138,314 * 3,327 DPM/mg protein, N = i3). In controcl
hepatocytes, total radiocactivity released reprasented
approximately 7%t of the labeled phospholipid fraction
(arachidonic acid uptake); whereas in microcystin-traated cells,
27% of the total radiocactivity was released (column A vs B, Table
I). When free arachidonic acid was separated by TLC,
approximately 50% (control) and 63% (microcystin-treated) of
total relcased radiocactivity was in the free form (column B vs C,
Tabie I). Treatment of hepatocyte cultures with sither
nicrocystin (1 uM) or starcids had no effect on call viability or
total cell protain.

Arachidonic acid metadolismi Microcystin treatment not only
reduced activity in cellular phospholipid, but also stimulateqd
total radiocactivity releass by 133% and free arachidonic acid
release by 430% as compared to control cultures {(Table I).
2rostacyclin (6-keto F,a) and thromboxane (TxB,) wers the major
cyclocoxyqgenase matabolites synthesized by rat hepatocytas in
response to microcystin challenqe. Microcystin-induced changcs

in releasa of radiolabeled arachidonic acid and ita metabolites




from hepatocyteﬁ are illustrated in Fig. 1. Compared with
control values, microcystin treatment {1 uM for 2 hr) stimulatedq
the relesse of 6-ke%to F,a by 139 = 1.2% (p <0.05) and TxB, by 52 =
1.5% (p < 0.001). Under these incubation conditions, PGF,a and
PGE, release was not affected data not shecwnj).

Etfaect of glucocorticcids on arachidonic acid uptake: To
detarmine whether glucocorticoids alter the uptake of
radiolabeled arachidonic acid, we treazed hepatocytes with 1 uM
fluccinolone, dexamethasone, and hydrocortisona for 16 hr during
incubation with radiolabeled [ ‘C] arachidonic acid. This
hormone treatment did not alter cell viability and there was no
significant difference in cell protein content. Mean total
cellular radiocactivity for control hepatocytes was 1l4.2 t 0.98 «
10° DPM/mg protein (n = 9). Haepatocytes cultured under identical
conditions but treated with varicus glucocorticoids (1 uM) for
156 hr showed no significant change in radiolabel uptake. NMean
cellular radioactivity was 13.9 t 1.67 x 10‘, 13.1 %= 0.96 x 10*,
and 12.7 ¢ 1.3 x 10' DPM/mq protein for fluocinolona,
dexamethiscone and hydrocertisone respectively.

ELZact of glucoecoxticoids or microcyatin-induced arachidonio acid
aataboliamt Fluocinolone pustresataent of hepatocytes produced no

effect on cellular uptake of radicactivity or release of tctal
radioactivity (Table I). Treatment of cultures with fluocinolone
for 2,4,8, and 16 hr produced 1.6%, 5.6%, 20.7%, and 42.7
inhibition of radi{olabeled arachidonic acid release i response

to microcystin treatment (1 uM)., Dexsmethasone and
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hydrocortisone procduced similar results (data not shown). In all
subsequent experinents, 16 hr preincubation with glucocorticoiis
was used when measuring arachidonic acid metabeclism.

AS8 shown in Fig.l, fluocinolone significantly suppressed
microcystin~induced release of free arachidonic acid (p < 0.025).
Pretreatzent with starcids also irhibited synthesis and release
of radioclabeled b-keto F,a and TxB,. The degree of inhibition of
TxB, appeared to be gresater {39 : 33%) than tha degree of
inhibition of 6-keto F,a (24 & 2.6%). Undar these experimental
conditions, the quantities cf PGF,a and PGE, release wera not
significantly different when control and evparimental cultures
ware compared (data not snown). Under the same conditions,
dexamethascona treatment inhibited the release of arzchidonic acid
frca phospholipid by 38 ¢ 3.1% ( p < 0.G0%) and hydrocertiscne
reduced the release by 26% * 2.9, As would be axpected,
dexaaethascne and hydrocortisone pretreatzant, under the same

. - £gnditions, also ‘nhibited TxB, release by 37 ¢ 1.4% and 29.0 2
2.1% ( p < 0.0%5), respectively. Dexanethasone and hydrocortisone
did not significantly reduce amicrocystin-induced release of 6~
xeto P.a (Fig. 1).

BeAALAY® RCLicacy of glugecorticoids ss_ iahibitoxs of
alcrogyatin-induced axachidenig aoid Zelesse: A rank order
potency of fluocinoicne, dexamethasone, and hydrocortisone as
inhibitors of sicrocystin-induced arachidonic acid release was
detsrained. Cultures wvera pretreated with gluccocorticoid

concantrations for 16 hr. The {nhibition of amicrocystin-induced
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ralease of ffee arachidonic acid was found to be dependent on
stercid concentrations and reached a maximuz of 50% at 1n"M or
less. The half zaximal inhibition (IC) of arachidonic acid
release was calculated frcm Fig. 2. The values for fluccinolone,
dexanmethasona and hydrocortiscne were 3 X 10*H, 1l x 10*M, and 9

x 10°%M, respectively.

DISCT88ION

In this study we sncwed that microcystin, a known toxic and
potantiallv inflammatory agent (5,12), increased the release of
arachidonic acid from membrane phospholinid and induced the
synthesis of its melabolites in the incubation medium.
Microcystin stimulated a large increasa in Tx3, and a noderate
increase in prostacyclin release from rat hapatocytes. In
addition, l6~hr pretreatzent with glucoccrticoids significantly
reduced the microcystin-induced release of these eicosanoids.

Although the mechanisa for thae effect of microcystin on the
release of arach.donic acid metabolites iz unknown, it has bean
suggested that inhibitor~ of sulfthydryl enzymes could block the
re-ugtake of free arachidonic acid in*o lipid pools., resulting in
an increase of prostaylandin synthesis (19). Therefore,
ra-estarification of liLerated arachidonic acid would be a
controlling factor in the balance of free arachidonic acid ard
production of its metaboli.es. Wa raasoned that microcystin may
alter the sulfhydryl enzymes active .2 phospholipid raeacylaticn,

In this study, about 638 of radicactivity liberatad by
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microcystin was detected as free arachidonic acid and was not
re-incorporated into membrane phospholipid. Microcystin at a

very low concentration (10 nM) stimulated the cells to release

'71% of free arachidenic acid, with no change in metabolite

synthesis and release (unpublished data), suggesting, at least a
partial block of re-esterification of arachidonic acid, probably
mediated via inhibition of sulfhydryl arachidonyl Co-enzyme A
synthetase and acyl transferase activities.

Steroids are widely used as anti-inflammatory agents, due in
part to their ability to inhibit the hydrolytic release of
arachidonic acid from phospholipids by inducing a phospholipase
A, inhibitory protein termed lipowcdulin (13,15). Previously,
Shohami and others (20) have reported that dexamethasone provides
protective effects in T-2 toxicosis; this was probably mediated
via suppression of prostaglandin synthesis and release. The
molecular basis for the protective effects of steroids in
prevention of pathologic change remainé obscure.

The present study was initiated to determine the erfects of
glucocorticoids on the uptake and release of radiolabeled
arachidonic acid by rat hepatocytes in response to microcystin
exposure. Data show that microcystin stimulated the synthesis
and release of arachidonic acid and its metabolites. The effect
was partially blocked by pretreatment of cultures with glucocor-
ticoids. Pretreatment of hepatocytes with glucocorticoids
resulted in a moderate decrease in the uptake of radiolabeled

arachidonic acid by the phospholipid pool. Steroids also
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inhibited the release of this unsaturated fatty acid when
hepatocytes were treated with microcystin. The long duration of
pretreatment essential for the inhibition of arachidonic acid
release, the persistence of the effects after steroid removal
frou the incubation medium during toxin exposure, and the
specificity of the resgonse to different steroids suggest that
the efifect may be dependent on a receptor-mediated procezs
involving new protein synthesis (21}. The degree of inhibition
of TxB, synthesis (47.8 t 6.1%) compared to thae inhibition of
arachidonic acid release from cellular phospholipid (37.4 t 3.9%)
suggests that fluocinolone blocks both PLA, and thromboxane
synthetagse. Similar findings have been reported earlier in rat
macrophages (22,23). These authors suggested the possibility
that glucocorticoids may exert their effects, not only on
phospholipase A, levels, but also at steps requlating
prostaglandin synthetic and/or daegradative enzymes. This
hypothesis has not been testad in hepatocytes.

Dose~-rasponse data in Fig. 2 illustrata a rank order of
potancy for the three steroids teasted. Fluocinolone was the most
potent in inhibiting arachidonic acid release induced by
microcystin, followed by dexamethascne and hydrocortisone. Thase
findings are similar to what has been observed fur a variety of
biolcgical effects of these hormones (24,2%). Furthermcre, tha
ICy, values calculated from the dose-response data for the
inhibition of aracbidonic acid release are comparable to normal

cortisol levels in humans (hydrocortisone IOJH). This in-vitro




determination of glucocorticoid supression of arachidonic acid
release from hepatocytes may be of value in predicting in-vivo
anti-inflammatory efficacy. The clinical relevance of

toxin-specific inhibition of arachidonic acid release by

14

glucocorticoid-treated hepatocytes remains to be established, but

evaluation of steroid treatment of specific-toxin-exposed
clinical populations should be considered. The data presented
here suggest that microcystin-induced inflammation may involve
requlation of arachidonic acid metabolism in hepatocytes. Such
changes mnay be important in the pathogenesis of toxin-induced

injury. .

ACXNOWLEDGMENTS

We thank Drs., Thomas Taylor and Sohn Hewetson and Ms. K. F.
Kanyon (editor) for useful discuassion and a critical review of
the manuscript; and Ms. Tina Ricketts for preparation of this
manuscript. The views of the authors do not purport to reflect
the position of the Department of the Army or the Department of

Defensae.




15

REFERENCES

Grabow WOK, Du Randt WC, Prozesky OW, Scott WE. Microcystis
aeruginesa toxin: Cell culture toxicity, hemolysis, and
mutagenicity assays. Appl. Environ. Microbiol.
43:1425-1433, 1982.

Kirpenko YA, Stankevich VV, Orlovskly VM, Xirpenko NI,

Bokov AV, Karpenko TF. A comparative asseasuent of the toxic
effact of biologically active substances »f blue-green algae
at the cellular and organismic levels. Hydrobiol. J.
15:83-86, 1979.

Runnegar MT, Falconer IR, Silver J. Defcrmation of isoclated
rat hepatocytas by a peptide hepatotoxin from the blue-green
alga Microcvyatis aeruginosa. Arch. Pharmacol. 317: 268-272,
1981.

Jackson ARB, McInnes A, Falconer IR, Runnegar MT. Clinical
and pathological changes in sheep experimentally poiscned by

the blue-green alga Microcvstis aeruginosa. Vet. Pathol.
21:102-~113, 1984,

Adans WH, Store JP, Sylvester B, Stoner RD, Slatkin DY,
Tempel NR, Siegelman HW. Pathophysioclogy of
cyanoginosin-LR: In-vive and In-vitro studies. Toxicol.
Appl. Pharmacol. 92:248-257, 1988.

Maslansky CJ, Williama GM. Primary cuitures and the
levels of cytochrome P,, in hepatocytes from mcuse, rat,

hamster, and rabbit liver. In Vitro 18:683-693, 1982.




10.

11.

12.

16
Mitchell JR, Jollows [IJ. Metabolic activation of drugs to
toxic substances. Gastroenterology 68:392-410, 1975.
Sncek GT, Levine L. Requirements for protein synthesis and
calcium for stimulation of prostaglandin synthesis in
cultured rat liver cells by tumor promotors. Cancer Res.
42:4743~4746, 1983.
levine i. Tumor promotors, growth factors, and arachidenic
acid metabolism. In: Prostaglandin in cancer research (eds.
E. Garaci, R. Pacletti, M.G. Santoro) Spring-Verlag
Heidelberg. pp 62-73 (1979).
Laevine L, Xiao LM, Fujiki H. Combinations of
palyctoxin or l12-0O-tatradecanoylphorbol-13-acetate and
recombinant human insnlin, growth factor-I or insulin
synergistically stimulate proastaglandin production in
cultured rat liver celis and squirrsl monkey aorta smooth
muscle cells. Prostaglandins 31:669-681, 1986.
Naseenm SM, Hines HB. Effect of glucocorticoids in
Microcystin-induced release of arachidonic acid metabolites
in rat hepatocytes. Toxicology 9:153, 1989,
Hirata P, Schiffman E, Yenkatasubramaniam K, Salomon D, and
Axelrod, J. A phospholipase A, inhibitory protain in
rabbit neutrophils induced by glucocorticoids. Proc. Natl.

Acad. Sci. (USA) 77:2533-2536, 1980,




13.

14.

150

16‘

17.

18.

19.

17

Blackwell GJ, Carnuccio R, Di Rosa M, Flower RJ, Parente L,

Persico P. Macrocortin: a poplypeptide causing the
anti-phospholipase effect of glucocorticoids. Nature
287:147-149, 1280.

Peters-Goldmen M, Bathon J, Flores R, Hirata F, Newcombe

LS. Glucororticoid inhibition of zymosan-induced

arachidonic acid release by rat alveolar macrophages. Am.

Rev. Resp. Dis. 130:803-809, 1984.

Moore PK, Hoult JRS. Anti-inflammatory steroids

reduce tissue PG synthetase activity and enhance PG
breakdown. Nature 288:269-270, 1980.

Adams WH, Stoner RD, Adazms DG, Slatkin DN, Siegelman HW.
Pathologic effect of a taxic peptide frem Microcystis
aeruginosa. Toxicon 23:441-447, 198S5.

Elliget KA, Kolaja GJ. Preparation of primary

culture of rat hepatocytes suitable for in-vitrg toxin
testing. Tissue Cuit. Mathod 8:1-6, 1983.

Lowry OH, Rosenbrough NJ, Farr AL, Randall RJ. Protein

measurenent with the folin phaenol reagent. J. Biol. Chem.

193: 265-27%, 1951.
Hupter SA, Burstein S, Sedor C. Stimulatinn of

prostaglandin synthesis in WI-38 human lung fibroblasts

following inhibition of phospholipid acylation by p-~hydroxy

mercuribanzoate. Biochim., Biophys. Acta 793:202-212, 1984.




20.

22,

23.

24.

25.

18
Shohami E, Wisotsky R, Kempski O, Feuerstein G.
Therapeutic effect of dexamethasone in T-2 toxicosis.
Pharmacol. Res. 4:527-530, 1987.
Russo-Marie F, Paing M, Duval D. Involvement of
glucoccorticoid receptors in sterocid-induced inhibition of
prostaglandin secretion. J. Biol. Chem. 254:8498-8504, 1979.
Naseem SM, Hines HB, Creasia DA. Effects of toxins on
arachidonic acid metabolism in rat cultured pulmonary
alveolar macrophages. Bicchem. Int. 19:583-592, 1989.
Bonney RJ, Davies P, Kuehl FA, Humes JL. A
comparison of several anti-inflammatory drugs regarding
their ability to inhibit proataglandin synthesis and rclease
from macronhages. Eur. J. Rheumatol. Inflam. 1:308-311,
1978.
Skidmore IF. Anti-inflammatory steroids: Thc
pharmacological and biochemical basis of clinical activity.
Mol. Aspect. Med. 4:303-327, 1981.
Sarrett LH, Patchett AA, Steelman SL. The effect of
structural alteration on the anti-inflammatory properties of

hydrocortisone. Prog. Drug Res. $%:11-153, 1963.

o et R R o R T RS




13
Table I. Effect of Microcystin and Fluccinclone on Uptake and

Release of Radiocactivity by Hepatocytes

Cellular Total Released ['*Cc] Released
Radiocactivity Radiocactivity Arachidonic Acid
(A) (B) (<)
Control 138,314 + 3,307 9,273 £ 1,050 4,573 % 761
(13)
Fluocinslone 137,085 * 2,630 8,719 * 1,032 5,641 %+ 528
(9)

Microrcystin 116,665 *+ 3,265 31,415 % 6,307 19,688 + 1,468
(12) (<0.005) (<0.001) - (<0.005)
Microcystin+ 124,990 £ 4,718 24,839 * 2,342 13,629 t 874°

Fluocinolone (<0.001) (<0.001) (<0.05)

(6)

Pretreatment of hepatocytes with 1 uM fluocinolone for 16 hr.
Prelabeled caells were exposad to 1 uM microcystin for 2 hr.
Callular radioactivity (arachidonic acid uptake) associated with
phopholipid was decermined by washing monolayers with HBSS to
remove radiocactivity associated with cell surfaca. Cells were
digested with 1N NaCH and an aliquote counted for cellular
radicactivity (Coluan A). Medium waa collected and countad
(colunn B); medium was extractad and arachidonic acid release was
deternined by TLC (column C). The data represent DPM/mg protein
(mean t SEM) of the number of aexperinments in parenthasis.

P-value in parenthesis.

* p~significant at least < 0.025 froam microcystin-treated

cultures alone.
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Legend

Figure 1. Effect of fluocinclone, dexamethasone, and
hydrocortiscone on hepatocyte arachidonic acid release and
metabolisn. ‘Microcystin ciiallenge (1 uM for 2 hr) resulted in
radiolabeled arachidonic acid release and radiolabeled metabolite
production. These paraxeters were inhibited by pretreatment for
16 hr with 1 uM steroids. Data points represent mean values from
duplicate determinations of three to six separate experiments.
Microcystin-induced changes in radicactivity were compared for
fluocinolone, dexamethascne, and hydroccrtisone-treated and
untreated cells by means of a paired "t" test.

{*) - p at least <0.05 from control.

{(+) - p at least < 0.05 frcam amicrocystin-treated cultures.

Pigure 2. Dosa-rasponse relationships for glucocorticoid
irhibition of microcystin-induced arachidonic acid release. The
giucocorticoids pretreatment periocd was 16 hr. Data points
represent mean values from duplicate detarminations in three to
five separate experiments. Standard deviation in thesae

experiments was always within 10% of the mean.
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